Abstract -The Precambrian rocks of northern Botswana comprise poorly exposed igneous complexes, high-grade metamorphic rocks, as well as sedimentary sequences including mainly siliciclastic and carbonate rocks. New U-Pb SHRIMP data are presented for detrital zircons from siliciclastic rocks collected from the Shakawe area in northern Botswana. These data show three main age groups at c. 1020 Ma, 1090 Ma, and 2050 Ma which support contentions for local provenance of the sediments. They also fix the maximum age ofthe deposition of these siliciclastic rocks at 1020 Ma. The results support field evidence suggesting that the siliciclastic rocks exposed in the Shakawe zone are part of the Ghanzi-Chobe Supergroup.
Introduction
The Neoproterozoic Ghanzi-Chobe Supergroup of Botswana ( Figure 1 ) is a lateral equivalent of the Damara Supergroup of Namibia and the Katangan Supergroup ofCongo and Zambia. Sedimentary sequences of the Ghanzi-Chobe Supergroup start with a major basal conglomerate, unconformably overlying older units, such as Kibaran-age bimodal volcanic rocks termed the Kgwebe volcanic sequence (Kampunzu et al., 1998 and references therein) . Previous U-Pb zircon dating of the Kgwebe rhyolites yielded an age of 1106 ±2 Ma (Schwartz et at., 1996) which was taken as the maximum age of the Ghanzi-Chobe Supergroup. However, in Congo, the Katangan Supergroup basal units contain detrital minerals from c. 880 Ma granites . The basement rocks in the Katangan basin are well exposed and therefore have been extensively documented (Cahen et at., 1984) . In contrast, Precambrian rocks are poorly exposed within the Kalahari Desert and therefore the age of crustal terranes in northwest Botswana is still poorly documented. Clastic sedimentary rocks and related detrital zircons can provide powerful information on source regions (e.g. Compston and Pidgeon, 1986; Machado et at., 1996) . The aim of this paper is therefore to present new SHRIMP U-Pb ages of detrital zircon grains from siliciclastic rocks from northern Botswana and to consider the implications for Proterozoic crustal evolution in the region.
Geological setting and rock description
The Neoproterozoic Ghanzi-Chobe Supergroup includes three terranes from south to north (Figure 1 ): Ghanzi, Rooibok, and Xaudum (Carney et at., 1994; Key and Ayers, 1998) . These terranes are tectonically bounded and their lithostratigraphic relationships are still under investigation. Older basement complexes in northern Botswana include: (1) Mesoproterozoic Kibaran-age granitoids and a bimodal volcanic sequence termed the Kgwebe metavolcanic rocks (Kampunzu et at., 1998) . Small bodies and dykes of Mesoproterozoic granitoids have been discovered at the southwest margin of the Zimbabwe Craton in eastem Botswana (Van de Wel et at., 1998) , but their link with the Kibaran-age rocks reported here is not known. (2) Palaeoproterozoic rocks with U-Pb zircon ages of c. 2.05 Ga. These rocks are granitoids and rhyolites in the Okwa valley, western Botswana (Ramokate et at., 2000) , granitoids in the Qangwa area, northern Botswana (Hanson et al., 1 998a) , and granulite-facies rocks including kizingitic garnet-sillimanite gneiss in the Gweta region, northeast Botswana (Mapeo, R.B.M., Armstrong, R.A. and Kampunzu, A.B., unpublished data) .
The clastic sedimentary rock sample selected for U-Pb SHRIMP zircon investigation, IPP-97/1, was collected from a pit dug for water in the Shakawe area (Figure 1 ; GPS co-ordinates 18°23'50"S, 21°l7'25.6"E). Rocks recovered from various pits in the area represent supracrustal siliciclastic sequences of immature sedimentary rocks (mainly conglomeratic sandstones and arkosic sandstones) associated with more mature sedimentary rocks (grey sandstones, siltstones, and shales). Cross bedding has been observed in several samples. None of the rocks show evidence of metamorphism, which suggests that these siliciclastic rocks could be part of the Ghanzi-Chobe Supergroup. A strong tectonic fabric (mylonitic foliation and related lineation) has been observed in some samples from burrow pits and open wells, but we were not able to document the geometry and the geographic extent of this fabric due to absence of outcrops.
The sample IPP-97/1 selected for dating is an immature coarse arkosic sandstone. The rock is medium to coarse grained in texture with layering defined by graded bedding. It contains angular fragments of monocrystalline and polycrystalline quartz (lithic fragments), subhedral feldspar (mainly plagioclase), haematite, zircon, titanite, and epidote grains. Epidote is formed from the breakdown of feldspars and is localized along fractures. The rock is highly fractured with a well-defined proto-mylonitic fabric, with secondary micas developed along the shear bands. The occurrence of abundant subhedral feldspar grains along with angular quartz implies relatively short sedimentary transport distances. Therefore, we infer that the age of detrital zircons in this sample should 
Analytical techniques
The sample was crushed and the zircons separated using 1989) and the standard SL13 of the Research School of Earth Sciences, Australian National University. The grains were then sectioned approximately in half, polished and photographed. Cathodoluminescence imaging on a scanning electron microscope was carried out prior to the analyses to aid in the selection of the best target areas for the analyses. The SHRIMP data have been reduced in a manner similar to that described by Williams and Claesson (1987) and Compston et al.(1992) .U/Pbintheunknownswerenormalizedtoa2o6*pb/ 238U value of 0.1859 (equivalent to an age of 1099.1 Ma) for AS3. The U and Th concentrations were determined relative to those measured in the SL 13 standard. Ages were calculated using the radiogenic 207 Pb/ 206 Pb ratios, with the correction for common Pb made using the measured 204 Pb and the appropriate common Pb composition, assuming the model of Cumming and Richards (1975) . Uncertainties in the isotopic ratios and ages in the data table (and in the error boxes for the plotted data) are reported at the 1~level, but unless otherwise stated in the text, the final weighted mean ages are reported as 95% confidence limits, with all statistical analyses and calculations done using the Isoplot/Ex software (Ludwig, 1998) .
Results
The sample yielded abundant zircon grains which are generally light pink in colour and of variable shape and form. 2), were excluded from the age calculation. The concordia is calibrated in Ma.
tional zoning, consistent with an igneous origin. Cores of inherited zircon are also common. A second discrete population of zircons were found during analysis (see below), these being impossible to detect petrographically as they also have good igneous zoning, similar to the zircons of the first group (Figure 2 ). Twenty-five analyses were done on sixteen different grains to get a comprehensive picture of the zircon geochronology. The sample was analysed on SHRIMP II and all results are reported in Table 1 and are plotted on a standard Wetherill UPb concordia diagram in Figure 3 .
The zircons show a large range in U and Th concentrations and isotopic compositions, but statistical analysis of the data permits the identification of sub-populations within the sediment. The majority of the analyses plot on concordia with 207pb/206Pb ages falling into a narrow range between 936 ± 44 Ma and 1056 ± 23 Ma (lty errors). These can be combined as a group with a statistically robust weighted mean 207 PbP°6Pb age of 1019 ±7 Ma (N 21; MSWD = 1.05; Prob. = 0.40). Whether or not there are two or more sub-populations within this group of analyses is impossible to determine from this data set, as there are no obvious physical or geochemical criteria for identifying such sub-populations. In calculating a maximum age of sedimentation for this rock, there are two possibilities, namely the maximum age of the sediment is given by the youngest zircon analysed (936 ± 88 Ma; 2o), or, if all the zircons do indeed come from a single population, then the maximum age is given by the weighted mean 207 Pb/ 206 Pb age of 1019 ± 7 Ma (2cs). In the discussion of the maximum age of sedimentation we use this weighted mean, rather than the age of a single analysis which is an unreliable constraint.
A number of analyses fall outside this age group. The two analyses on grain 12 represent a second source of detrital zircons which are slightly older than the main group but are still of Mesoproterozoic age. 
Geological implications
This study was conducted on a sample of immature, coarse arkosic sandstone composed of angular quartz and abundant subhedral feldspar grains. These features presumably indicate a short sedimentary transport distance of the grains. This is supported by the form and shape of detrital zircon grains extracted from sample IPP-97/1, and consequently provenance from a source area close to the basin is inferred for these siliciclastic rocks and the studied detrital zircons. Therefore, the U-Pb zircon ages presented in this paper could constrain the age ofthe main zircon-bearing lithologies in the local crustal source area of these clastic sedimentary rocks. The detrital zircons include three major populations, one of Palaeoproterozoic age at c. 2.05 Ga and two of Mesoproterozoic age at c. 1.09 Ga and 1.02 Ga. Assuming that these ages represent the whole spectrum of zircon-bearing lithologies in the provenance area of the sediments, these data indicate the presence of Palaeoproterozoic and Mesoproterozoic basement complexes in that region. The basement complex exposed in northern Botswana is known to include rocks with U-Pb zircon ages fitting into these two groups and this provides support for the contention that the sediments were sourced locally. The dominant source of detrital zircons in these siliciclastic rocks comprises rocks with ages between 1.1 and 1.0 Ga. Igneous rocks emplaced during this time range are part of the late Kibaran igneous event which represents a major crust-forming period in sub-equatorial Africa (e.g. Thomas and Eglington, 1990; Cornell et al., 1996; Hanson et al., l998b; Kampunzuetal.,1998; Warehametal.,1998) . The absence within the zircon populations of Mesoproterozoic zircon within the age range 1.4 -1.25 Ga (earlyKibaran-age event) is important to stress. Granitoids with zircon ages in this range are known in central and southern Africa, namely in the Choma-Kalomo block in southwest Zambia (Hansonetal.,1988 ),intheKatanganprovincein southeastCongo(Cahenetal.,1984 ),andintheRehoboth areainNamibia(Hoaletal.,1989 ZieglerandStoessel, 1993; Hoal and Heaman, 1995) . The absence ofArchaeanzircon grains is also noteworthy. Either early Kibaran and Archaean rocks do not exist in northwest Botswana or they were not exposed to erosion during the deposition of the siliciclastic rocks located in the Shakawe area. U-Pb detrital zircon studies around the world have shown that the youngest detrital zircon in clastic sedimentary rocks provides an older limit to deposition of the sedimentary sequenceinthebasin(e.g. Armstrongetal.,1990; Kroghand Keppie, 1990) . The youngest zircons analysed have an age of c. 1020 Ma, taken to provide the maximum age of deposition for the sedimentary sequence exposed in the Shakawe zone. Therefore, the deposition of these rocks happened after c. 1020 Ma and before 530 Ma, which is the age of the last deformation event within the Ghanzi-Chobe belt (Ramokate et al, 2000) . This time range indicates that the siliciclastic rocks in the Shakawe zone are part of the Neoproterozoic Ghanzi-Chobe Supergroup sequence. This age range is broadly similar to that for deposition of sedimentary rocks in the Katangan belt. Therefore, our data support the correlation between the adjacent Neoproterozoic Ghanzi-Chobe and Katangan basins (Kampunzu and Cailteux, 1999) , and provide a good basis for a regional correlation of Neoproterozoic basins in central and southwestern Africa.
Conclusions
This study on detrital zircon grains of an arkosic sandstone from the Shakawe zone shows that: (1) the maximum age of deposition of the sediments studied is c. 1020 Ma, whereas the minimum age is set by the last deformation event in the region at c. 530 Ma. These data imply that the siliciclastic rocks in the Shakawe zone are part of the Ghanzi-Chobe Supergroup; (2) the age spectrum of the detrital zircons enable the identification of two major crustal units as the source of the sedimentary rocks. A Palaeoproterozoic crustal component with U-Pb zircon age of c. 2.05 Ga and a late-Kibaran age component with U-Pb zircon age between c. 1.1 -1.0 Ga. These results are consistent with a local origin for the sediments because the pre-Neoproterozoic basement exposed in northern Botswana includes Palaeoproterozoic and late Mesoproterozoic rock assemblages. The absence of both early Kibaran (1.4 -1.25 Ga) and Archaean detrital zircons is taken to suggest the absence of (exposed) rocks of these ages in northern Botswana during the deposition of the Neoproterozoic siliciclastic rocks in the Shakawe zone.
